Anatomic factors, such as a hooked acromion, have been associated with rotator cuff disorders. Orientation of the glenoid relative to the scapula has been implicated in shoulder instability, but it has not been linked to rotator cuff disorders. The purpose of the current study was to test the hypothesis that superior inclination of the glenoid is associated with full-thickness rotator cuff tears. Glenoid inclination angles were measured from 16 shoulder radiographs of a convenience sample of eight cadavers in which one shoulder had an intact rotator cuff and the other shoulder had a full-thickness rotator cuff tear. Glenoid inclination angles for shoulders with rotator cuff tears were compared with contralateral normal shoulders using nonparametric statistical analysis. The glenoid inclination angle was greater in cadaver shoulders having full-thickness rotator cuff tears (98.6؇) than in shoulders without tears (91.0؇). A second experiment was done to assess the reliability of using 34 Grashey view radiographs from a clinical population to measure glenoid inclination angle. A method to measure the glenoid inclination on Grashey views was tested and was found to correlate with the inclination angles measured on cadaveric scapulae. Intrarater reliability of measurements from clinical Grashey views was 0.93, and interrater reliability was at least 0.88.
Factors associated with rotator cuff disorders include repetitive overhead arm activities, age, and morphologic features of the scapula. The best known anatomic factor thought to be associated with rotator cuff disorders is the hooked acromion identified by Bigliani et al 1, 2 and Nicholson et al 14 The supraspinatus outlet area has been reported to be smaller in shoulders with rotator cuff tears. 18 Shortening and thickening of the coracoacromial ligament has been documented in shoulders with fullthickness tears. 17 The current authors hypothesized that the angle of the glenoid in the plane of the scapula (glenoid inclination) may be associated with rotator cuff tendon disorders.
The rationale for this theory is that the tendency of the humeral head to migrate superiorly, which may pinch the supraspinatus tendon between the humeral head and acromion, depends on the direction of the net muscular and gravitational forces acting on the humerus. If the net force is directed into the glenoid, superior migration should not occur. If the net force is directed too superiorly, the force transmitted to the humerus through the articular surface may be insufficient to prevent superior migration of the humeral head. The net force acting on the humeral head can be resolved into shear and compression components (Fig 1) . The superior shear component is expected to increase as the glenoid inclination angle increases (the glenoid faces more superiorly). According to this theory, less deltoid force would be required to produce superior humeral head migration in a shoulder having a greater glenoid inclination angle. 7 Because superior migration may produce compression on the supraspinatus tendon, glenoid inclination may affect tendon degeneration.
Glenoid inclination angles have been measured on humans, 4,12 primates, 8 and early hominids. 3, 8 Saha 16 theorized that a glenoid inclined more inferiorly than normal may predispose to inferior glenohumeral instability. Itoi et al 9 investigated the effect of scapular inclination on superoinferior humeral head translation. Although these studies involved glenoid inclination, none investigated the association of glenoid inclination with rotator cuff disorders.
The objective of the current study was to test the hypothesis that glenoid inclination angle is associated with rotator cuff disorders. The authors hypothesized that glenoid inclination angles would be greater in shoulders with rotator cuff tears. A second objective was to assess the reliability of using a Grashey view radiograph for measuring glenoid inclination.
MATERIALS AND METHODS

Cadaver Sample
The primary hypothesis was tested using a convenience sample of eight pairs of cadaveric shoulders (average age, 77 years; standard deviation, 10 years). Five were males and three were females. Each pair of shoulders was characterized by having a full-thickness rotator cuff tear on one side and no full-thickness tear in the contralateral shoulder. The average tear size was 40 mm (standard deviation, 6 mm) in diameter. Each shoulder was disarticulated from the torso, and soft tissue was dissected down to the rotator cuff. All shoulders were kept frozen at Ϫ20Њ and were thawed for testing. On thawing, a spherical 600-m lead bead was glued in each of four locations: (1) at the intersection of the spine and medial border of the scapula, (2) at the intersection of the spine and the body of the scapula at the spinoglenoid notch, (3) the most superior portion of the bony glenoid (12:00 position), and (4) the most inferior portion of the bony glenoid (6:00 position). Each scapula was placed on an xray cassette such that the infraspinatus fossa of the scapula was oriented parallel to the film, and an exposure was made.
Radiographs were scanned into a digital format, and the glenoid inclination angle was determined using NIH Image (National Institutes of Health, Bethesda, MD). The beads were identified on each image. The glenoid inclination angle was defined as the superolateral quadrant formed by these two lines (Fig 2) . The person digitizing the radiographs was blinded to the presence or absence of a rotator cuff tear of each shoulder. A sign test was used to compare glenoid inclination angles of involved and uninvolved shoulders.
Accuracy of Angle Measurement
A separate study using four cadaver shoulder specimens was done to validate the accuracy of the radiographic measurements. Glenoid inclination was computed using the same landmarks digitized in three dimensions directly from the specimens. A Flock of Birds electromagnetic tracking system equipped with a plastic digitizing stylus was used for digitizing landmarks (Ascension Technology Corp, Burlington, VT). 13 After correcting for local distortions in the electromagnetic field, digitizer accuracy was within 1.0 mm. Glenoid inclination was computed from the digitized locations and was compared with the radiographic measurements.
Reliability of a Clinically Useful Angle Measurement
A clinically useful method of measuring glenoid inclination angles from radiographs was sought. The authors had a method to accurately measure the glenoid inclination angle of a cadaveric scapula on which lead beads were attached; however, a noninvasive method was desired to measure the glenoid inclination angle from radiographs that are available in clinical practice. This effort was divided into three parts: (1) determining landmarks to measure on scapulae without reference to lead beads, named the clinical method; (2) measuring correlation between the lead bead method and the clinical method on 16 Grashey radiographs taken from the cadaveric scapulae; and (3) measuring intraobserver and interobserver correlation of orthopaedic surgeons using the clinical method to measure 50 radiographs of patients.
Various techniques of measurement were investigated to develop the clinical method, including measuring the angle with respect to the axillary border of the scapula, intersection of the medial border of scapula and spine of the scapula, and several landmarks on the spine of the scapula. Each was assessed for clinical feasibility and degree of agreement with the method used to measure the cadaver shoulders. One method was deemed most suitable for clinical use based on ease of locating reproducible landmarks. This method used Grashey view radiographs, 5 which are perpendicular to the glenoid face. Each surgeon was instructed to measure the angle by constructing two lines on a transparency taped to the radiograph (Fig. 3) . One line represented the glenoid face. It was constructed by drawing a line through points at the top and bottom of the ellipse formed by the projection of the anterior and posterior rims of glenoid onto the plane of the radiograph. The second line was drawn between two points on the supraspinatus fossa. One point was placed 1 cm medial to the spinoglenoid notch on the line representing the floor of the supraspinatus fossa. The second point was 3 cm medial to the first point and located on the supraspinatus fossa. The angle between these two lines (in the superolateral quadrant of the crossed lines) was measured using a plastic goniometer. The three surgeons were instructed in the measurement method by written directions and samples of radiographs with the proper reference lines drawn. All three surgeons discussed and tried the measurement on a separate set of radiographs before measuring the study radiographs.
Cadaver measurements were considered the gold standard because it was possible to carefully locate the lead beads at anatomic landmarks. Three orthopaedic surgeons (RB, JK, and JC) independently measured the glenoid inclination angle on each of the radiographs of the cadaver shoulders. A Pearson product moment correlation was done to assess association between the average angle measured by the surgeons and the angle measured from lead bead locations. After obtaining institutional review board approval, 50 Grashey view radiographs of shoulders were selected from the senior surgeon's (RB) patients.
It was apparent that radiograph quality was a critical parameter. Therefore, only the highest quality radiographs were selected for analysis. The principal criteria for inclusion was a grazing alignment of the central beam with the glenoid, as shown by a clear joint space between the glenoid and humerus. Thirty-four radiographs met the criteria. Three orthopaedic surgeons (RB, JK, and JC) independently measured the glenoid inclination angle on each of the radiographs. All surgeons were blinded to identifying information on each radiograph. Each surgeon remeasured the radiographs at least 7 days after the initial measurement session. Intraclass correlation coefficients were computed within raters and between raters using the intraclass correlation coefficient (2,1) formula described by Portney and Watkins. 15 
RESULTS
Data from the cadaver sample showed a clear association between increased glenoid inclination angle and the existence of full-thickness rotator cuff tears. The average glenoid inclination angle measured in shoulders with fullthickness rotator cuff tears was 98.6Њ (standard deviation, 5.6Њ); the mean glenoid inclination angle in normal shoulders was 91.0Њ (standard deviation, 4.7Њ). This difference was statistically significant (p ϭ 0.008). The glenoid inclination angles were greater in shoulders with tears for all eight specimens. Comparison of radiographic measurements to digitized landmarks showed an average difference of 0.17Њ (standard deviation, 3.5Њ).
Correlation between glenoid inclination angle measured from the lead bead images on radiographs of cadaveric scapulae and angles measured using the clinical method on the same scapulae was 0.83. A comparison of Figures 2 and 3 shows that the clinical method does not duplicate the lead bead method, but these results show that the two methods correlate well.
The intrarater reliability of reading glenoid inclination angle using the clinical method on radiographs of patients was 0.93. Interrater reliability was 0.90 for data collected in the first measurement session and 0.88 for data from the second measurement session. The mean angle for all radiographic measurements made from clinical Grashey view radiographs was 102.2, and the largest standard deviation for any rater was 7.9Њ.
DISCUSSION
A mean 7.6Њ difference was found in glenoid inclination angles between shoulders with a cuff tear and no cuff tear in cadaveric specimens, which was consistent with the hypothesis that the glenoid inclination angle is associated with rotator cuff disease. Measuring glenoid inclination angle on a Grashey view of a patient had good intrarater and interrater reliability.
The shallow depth of the glenoid articular surface makes it relatively easy to translate the humeral head out of the glenoid, even when there is a compressive load. The resistance to translation provided by the glenoid likely depends on the curvature of the glenoid and labrum, which has been described by Lippitt and Matsen 11 in an analysis of concavity compression. Support for this theory comes from experiments showing that the force required to dislocate the glenohumeral joint in cadaver models is reduced when the labrum is disrupted. 6, 10, 11 If the glenoid is directed superiorly, then the buttress effect of the superior labrum would effectively be diminished. Rotating the glenoid upward should reduce the ability of the glenoid to resist deltoid contrac-tion force. The current findings are consistent with this theory. Although others have measured glenoid inclination angles for anthropologic purposes, the current results are not directly comparable. Others have measured the axilloglenoid angle, 3, 8 which uses the axillary border of the scapula as a landmark. In the current study, glenoid inclination relative to the spine of the scapula was computed, because the theory depends on the relationship of the glenoid to the lines of action of the rotator cuff muscles. Because the scapular spine divides the supraspinatus from the infraspinatus muscle, it should be a good reference for studying the mechanical effects of the rotator cuff muscles on glenohumeral forces. The method of measuring radiographs of cadavers used landmarks similar to those used by Churchill et al. 4 The current measurements were in the range reported by Churchill et al for 344 scapulae. However, glenoid angles measured from patients and cadavers in the current study were different. The discrepancy was attributable to slightly different landmarks used for cadavers and patients. Different landmarks were used because the landmarks used in the cadaver study, which were considered ideal from a mechanical and theoretical viewpoint, were obscured by ribs on patient radiographs.
The most serious limitation of the current study is that the authors cannot infer causality. Like the hooked acromion association described by Bigliani et al, 1,2 it is not known whether full-thickness rotator cuff tears cause a change in morphologic features of the glenoid or morphologic features of the glenoid cause full-thickness rotator cuff tears. It is possible that the presence of a full-thickness rotator cuff tear leads to a secondary change in the glenoid through remodeling. Although mathematical modeling suggests that superior inclination of the glenoid may play a role in the development of rotator cuff tears, 7 causality can be definitely addressed only by a prospective study.
The radiographic method to measure gle- 
